Kinetics of photosynthetic electron transfer in artificial vesicles reconstituted with purified complexes from Rhodobacter capsulatus. II. Direct electron transfer between the reaction center and the bc1 complex and role of cytochrome c2.
1. The cyclic photosynthetic chain of Rhodobacter capsulatus has been reconstituted incorporating into phospholipid liposomes containing ubiquinone-10 two multiprotein complexes: the reaction center and the ubiquinol-cytochrome-c2 reductase (or bc1 complex). 2. In the presence of cytochrome c2 added externally, at concentrations in the range 10-10(4) nM, a flash-induced cyclic electron transfer can be observed. In the presence of antimycin, an inhibitor of the quinone-reducing site of the bc1 complex, the reduction of cytochrome b561 is a consequence of the donation of electrons to the photo-oxidized reaction center. At low ionic strength (10 mM KCl) and at concentrations of cytochrome c2 lower than 1 microM, the rate of this reaction is limited by the concentration of cytochrome c2. At higher concentrations the reduction rate of cytochrome b561 is controlled by the concentration of quinol in the membrane, and, therefore, is increased when the ubiquinone pool is progressively reduced. At saturating concentrations of cytochrome c2 and optimal redox poise, the half-time for cytochrome b561 reduction is about 3 ms. 3. At high ionic stength (200 mM KCl), tenfold higher concentrations of cytochrome c2 are required for promoting equivalent rates of cytochrome-b561 reduction. If the absolute values of these rates are compared with those of the cytochrome-c2-reaction-center electron transfer, it can be concluded that the reaction of oxidized cytochrome c2 with the bc1 complex is rate-limiting and involves electrstatic interactions. 4. A significant rate of intercomplex electron transfer can be observed also in the absence of cytochrome c2; in this case the electron donor to the recation center is the cytochrome c1 of the oxidoreductase complex. The oxidation of cytochrome c1 triggers a normal electron transfer within the bc1 complex. The intercomplex reaction follows second-order kinetics and is slowed at high ionic strength, suggesting a collisional interaction facilitated by electrostatic attraction. From the second-order rate constant of this process, a minimal bidimensional diffusion coefficient for the complexes in the membrane equal to 3 X 10(-11) cm2 s-1 can be evaluated.